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TSAR: A LARGE-SCALE SIMULATION FOR ASSESSING FORCE GENERATION
PAND LOGISTICS SUPPORT IN A COMBAT ENVIRONMENT*

Donald E. Emerson
Management Sciences Department

The Rand Corporation
Santa Monica, California

ABSTRACT

-The objectives of this paper are to provide an overview of the TSAR/TSARINA
simulation models, and to illustrate their use with a simple application. The
TSAR/TSARINA simulation models have been developed to provide a method of
evaluating how a wide range of airbase improvement options could increase the
combat capability of airbases during wartime. Following a description of model
highlights, the application of these models is illustrated with some results from
a recent analysis,.

I. BACKGROUND These well-recognized problems have led to NATO
plans for generating high sortie rates ("surges")

In the event of conflict in Central Europe, NATO during the opening days of the conflict and to
plans call for massive air operations to be programs intended to "toughen" the airbases and to
-onducted from a limited set of large, improve their active defenses. But despite the
semi-autonomous airfields located in Western accomplishments of the past, many difficulties
Germany and the Benelux countries, with additional still exist and a wide range of possible
aircraft to be based in the UK. Each base is improvements are under consideration to help
equipped to provide most necessary organizational mitigate various weaknesses and vulnerabilities.
maintenance and some battle damage repair, as well The diversity of these possibilities is suggested
as much of the intermediate maintenance (parts in Fig. I.
repair). Over the years, airbase growth has
paralleled the growth in aircraft sophistication, * SLICTIVI HARDIN .e/ OI$sAL OP PACILITIES
and airbases are now complex conglomerates of . RA. M SURFACES. "/- REDUCED REQUIREMNT&

maintenance specialists, fragile test and repair
facilities, and extensive supply and fuel storage e INCREAUDwARRESERVEMATERIAL
facil ities.

* MAN IMRR POLICIES

In recent years there has also been a dramatic C
improvement in Warsaw Pact offensive air L *; -
capabilities that threatens to seriously * REPLACEENT PO-.IC .r

jeopardize NATO's strategic dependence on air . REVISED MAINTi iNC
support at the outset of a conventional war in
Europe. Air power must not only withstand this & IMOVED SATTLE DAMAGE REP. APABILITItS
new challenge of air attacks during the opening
phase of any large scale conventional war, but o IMPROVEDtNTRA-THERTRANPORION

must simultaneously be capable of supporting NATO
ground forces in countering the massive ground * IM*ROVO THEATER RESOURCE YISICILITY AND MNAGEMENT
operations expected by the Warsaw Pact.

Fig. I--Opt'ons for Enhancing Wartime
Sortie Generation

The development and application of the TSAR/TSARINA simulation models has been
supported by Headquarters USAF as a part of the Project AIR FORCE contract with

The Rand Corporation.
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TSAR

MSORTIE Sortie Generation Simulation
DEMANDSActivities Modeled

Reload - Refuel - Reconfigure
Unscheduled Maintenance
Battle Damage Repair

ON BASE . TSARINA SAMPLE Weapon Assembly
LOCATIONS Air Base Attck DAMAGE Parts Repair - AGE Repair SORTIES

WEAPON Simulaion PATERNS Reconstitution - Reconstruction FLW
WFEPON ' Sailtio PAamERN inter/Intra Theater Transportation FOW

ATTACK Runway Closure
PARAMETER?" Resource Losses

Air Base Resources
Aircraft - Air Crew%
Ground Personnel
AGE - AMMO - TRAP
Spare PartsL IE ~POL - Facilities ri

Building Material i''n.

DEPOTS

lig. 2--TSAR-TSARTNA -- For Analyzing Sortie Tnrprurvemernt 7inltiative-s



T heccla!ss of resource s that are treated include base, air, faft type, nnsnn '~i am
t

nncty.
aircraft, aircr ws, ground personnel, support Flights sa y he sntientold, or si t arild- oin b-.m~ind
equipment, aircraft parts, aircraft shelters, Using ai i tilt that h-, be-ii planed -,u iii',!
munitions, TRAP*

5
, fuel, building materials, and a

variety oif airbase facilities. Many different Whent an aIim aft i s Ilist ina I, nimiit nnissin'in,
types oif each resource class are dist inguished. repltic ement nnay be cn'nuste'd ',adil t uil 1)
On-equipment maintenance tasks,* parts anid r (i ivtI it te.r .I "tslt i'td deliv bdi,' n-i I aI I
equipment repair j obs , munitions assembly, and t hit arc .nit [list c't urn, I.tey say hid ..ai...i,
facility repair tasks ace- simiulated for each o f tiniv may still hiave' munitions, aid ifii'y uav inivi
several ai rbases . Asset acountiiig for each of several nins edulled mani,'iinnti' task ri'fui reinnln I.
the eleven (lIasses of resources, and for each type Ii' bas i c inipiit -tat.i that gosci i the prnbalin it
within each class, permits assessment of a binnail wI~ i tin 1in in in ij henuled mitiilleian' i tasks.in
range (if policy opt ions that could improvi' the demanndad a re nrei ve f coin inh' large data in.,s
elfficiency of resource nIl I I zat ion on a ncveI' nipin liv t Ill' An t Fnnre (and tohc .ii'ini-.
theatec-wide basis. fint.tfii Ltni

M
i mnnnti'i

ISAR is readily daiptaiile tnoi oicib ilems an ross aI Iin n ir is, gnvir uin.itait aI i I'sI ivI., I it,; n I,
broad range of c'omleity. Whnen snen itI ic fe'ahures dl I it nng (tie cnnlns li; nh iti .i - rnIitnm i, inni

ii not needed for the examrnat ion of a piarticuiar task, liei I ,' p cic.si'l i nI MInn -11 ti.'-
* issue, t hey simply ineed not be, ised . Thins, 'ISAR .icijv nt~ n in nr tilin grounps Iiisnn ti f, ,,

permits nine to represent either a sinogle base-, at Vn mitinsl, illd isisv ccnnn tIi. t int tin
set ofI inidependeint a ichiases , o r a set of aIt 1isit inS s v , wl -nn in o'q nI hoip, Ilini
intecrdependfent anchases, withonnt inys adjunstment onc inn ., pn-~ tIt nc lie. a,, innis 'int-1 t
modifi-ai non of the proigram. Simi acty, the i,;, I J--*S I ;It tilo-r. Ii Miriancu Io I '.11C.n1ntnn
may nnnt wi sf tn, examine the etifenis of aicinist inj' -.ti'n:, n'niinii t I- antIi .,nrnt It tyvpe it
attacks. iii ma y wish lI. i gn,r- tn eInosi YIv eah tine I'n. 3 1 lunsiti .1 g.ncInnnl
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i- aisoi Ili lis'- n .i Rand stiniy of Arcmy ed ci'anni I nt .irt askIs sinniI, pn aIc iI nai ii fIbeg in. gascen
i It wicih tainks anii ot her i rmy si'fn I Ii's I it the reqircii resniucces ace avinlable.- These
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mmditfn atimm 'it the 7SAR nodfe. nisni ii, to he simulated andn to liei exami ted for

their influence om sortie generatinon capabilities.
2.2 Airfiase Activities Wock speed-up and other procedures to shiorten

on-equipment, ire-flight and off-equipment
In TSAR, specified numbe'rs nit aircraft of various activities also may he specified.
types can ine assignedt to each airbase. The
aircraft of a given type at any airhase may be Each on-equipment maintenance task may require a
supportef by a commton pool of personnel and team composed of one or two types of maintenance
equipment, or the airi raft maybhe organized into speciaiists, specialized equipment, a spare part,
two or three sub-groups (squadrons) each supported and a specified amount of time; each unscheduled
by its own set of resources. The aircraft are maintenance task is either a single set of such
launched on sorties in response to a set of requirements, or it may he a network of tasks,
user-supplied sortie demands, differentiated by each with its own demands. When resources are

limited, those aircraft most likely to he readied
first (given sufficient resources) may be given

*STanks, racks, adaptors, and pylons. priority.

* LOAD UNSCHEDULED
GUNS IMAINTENANCE

LAND_ HUNG SATTLE UC

AMO DAAE SHLE UPLOAD in. TAXI

EVENT 1 r 1TO5~' AM
Prsobibiy -

Personnel
AGE
TIME 

4

Fig. 3--Simulated Sortie Generation Procedures



If a required part is not available, (I) the commence the required repairs on runways and
broken one that is removed may he repaired on taxiways and to begin reconstruction of the
base, (2) the appropriate part may be damaged facilities. Operation of the facilities
cannibalized, (3) a part may be obtained from is resumed when they once again are functional.
another base, or (4) the part may be ordered from
a central source within the theater. When a part 2.3 Theater-Level Activities
cannot be repaired on base it may be sent to a

neighboring base or to a centralized facility in The theater-wide management of the various
the theater. When parts cannot be repaired within resources is supported by a user-specified
the theater, a replacement may be requested from a scheduled transportation system that may be
depot in the United States. Often the parts subjected to delays, cancellations and losses.
removed from an aircraft are what are called line TSAR also permits the user to represent a
replaceable units (LRUs) that contain several theater-wide reporting system that can be used to

subordinate components known as shop reparable provide the central authority with periodic status
units, or SRUs. Repair of both indenture levels reports from the several operating bases; these
may be simulated. Furthermore LRUs may be reports may be delayed, incomplete or lost.
"cross-canned" to obtain an SRU to repair one of
two LRUs, if the LRUs require different SRUs. When these transportation and communication

systems are coupled with a set of rules for
The failure and repair of support equipment also distributing and redistributing resources among
may be simulated, and the special the operating bases, various concepts of theater
"partial-mission-capable" characteristics of resource management may be represented and
modern AIS (avionics intermediate shop) test examined in the context of realistic
equipments may be represented. In addition, the transportation and communication imperfections.
manpower intensive munitions assembly tasks may be In its current formulation TSAR already includes
simulated. When this is done, munitions demands certain alternatives for the theater management

are projected periodically to define which types rules and has been designed in a fashion that will
of munitions need to be assembled. Such jobs may permit additions or modifications to be readily
require both personnel and equipment, much like accommodated.
other tasks in TSAR.

Daily estimates may be prepared of each base's
TSAR may be used to simulate the effects of damage capabilities for generating diflerent kinds it
due to airbose attacks with conventional sorties with different types of aircraft. These
munitions. The user specifies the time and estimates can be used to provide the basi6 for
location of the attacks and the percentage damage various aircraft management decisions. One
suffered by the various resources on the basis of application is in selecting which base is to be
other calculations. The TSARINA model has been "fragged" with sorties for which no base has been
developed specifically to generate such estimates specified. These data can also he used to support
for TSAR; TSARINA is a Monte Carlo airbase damage assignment decisions when aircraft must be
assessment model that simulates user-specified air diverted in flight, and to redistribute aircraft
attacks, and assesses losses, casualties, and among airbases to improve the balance between
damage to each of the many facilities and to each flight requirements and support capabilities.
of the various types of personnel, equipment,
munitions, fuel, spare parts, etc. The options currently available for theater-wide

management of aircraft and spare Parts are
When aircraft or facilities are damaged or suggested in Figs. 4 and 5, respectively.
destroyed by air attack, some portion of the
personnel, equipment, and parts present at these In addition to simulating a set of airbases, thb
locations because of the then ongoing tasks also user also may specify the existence of a
may be lost. Aircraft are kept in aircraft centralized theater distribution inter and/r a
shelters when sufficient shelters are available, centralized theater repair facility at which some
but it may be required that the shelter doors are or all intermediate maintenance is conducted. The
open when certain shop operations are underway at centralized distribution facility ran receive
the time of airbase attack; different loss rates spare parts from the United States and either
are applied in each case. Aircraft in excess of retain them until demanded by a base, or transship
those that may be placed in the shelters, sustain (some or all) to the base with the earliest
still another loss rate. After TSAR has projected requirement. The theater management

decremented the various resources to the extent features may als.o be used to direit the lateral
implied by the damage data, the surviving shipment of parts and other resources from one
personnel are reorganized into night and day base to another. The repair facility, sometimes

shifts. Replacement resources may be ordered for referred to as a CIRF, is assigned maintenance
whatever losses are sustained. After a personnel, equipment, ant spare parts (LRIls and

user-stipulated delay to roughly account for the SRUs). Parts are shipped to and from the CIRl"
disruptive effects of the attack, the surviving from the operating bases and are processed in the
maintenance personnel resume their activities to manner prescribed by the user's choice of which
the extent that the surviving support resources theater management rules are to govern these
permit, lunless their facility is required and has operations. Parts repair prioitittes (an he based
been damaged. on existing and projected demnit' and mii the

relative essentiality of paits for the, var-uls
After an airhase attack, civil engineering misson: Shipment priorittes are related to the
personnel, equipment and building materials may be current and projected dematcls, on-base reparables,
allocated, according to a priority system, to and enroute servireahls. When central stocks are

1't
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insultficient to meet a base's denrand, another base 2.6 Technical
ran bie direrted to shi' the required part, it both
tire requesting base and the duur base meet TSAR was written in FORTRAN IV arid was retcot ly
certain tonditions relative to the importance of converted to FORTRAN V' (i.e. FORTRAN 77) with a
the demand and the availability of stork. minimum of difficulity. The only feat-ure riot

supported by ASS FORTRAN V is the side-spreaid TSAR
2.4 1rtput Statistit1s usage of packed hall t-word integers t,,r data

storage (a feature available on IBM1 machines); for
NrralI outputs rot jude the n umb er of sorties those systems that do not permit hall -worIds to hr
flosor, the maintenarire taisks a, r orrp I i shed , shop addressed, data stociage reqi rements [ in words)
per tirrarice statistics, and resource roost raint will he nearly foo.. ed
:;Lttisti" s. (Joe opt tiuial fIeature enables the user

torle 'tie (far y a't tvity o f 24 aircraft in Currently TSAR tirrsists oft soime 135 subriit iries
de tl lOat.i may I, dlispla.1yed on a da. ly, trial, and functions with a total of 2411 entry I-rat ions;
)r moltItle trial basis. While (fir output, options Lte soor( e code tonsists of somewhat n-'re rhan

r(bhit .c itroiIded permit. the user to examine a 33UoO card i mage s, e-xclusive of the rirrr
Usir- Ltt i i I prti riot the more relevantL results, statements. Core storage for thle exectable,

ill 1rssrile -outpiits -rtrainly ire nit avat IabIe- stLi temeirt s is apprriximately 425K bytes 19 frits) ''in

I itro 4,!t t ions I art arid shiritlId he readily an 1IBM 370/ if)I. 32 i'i as elf 1 ' i ,t iir ,vecl I,,
totin I tit! i usirs 'is tfhr neel arrises. struciture' is r-st'. Thii idittni!tticeqht

fur data strage -is dii aid iti f ig. it1 fr
2- I h i i t to iv i r-ti rr , ont i , t i o .i t i iii i I liiu ( Imp-sr.... I- I,

prirgiati artfitectr at, al- sit dit-,'.
-~Ih -i - ilt. replrreset rtiio used during much of

15.-SR - ii-''-I -nr'rt sit- b.-or ron air LCOM itiput dita A r iud,, butorri' it i. t it

It I-irgl'- .0(13. VaIitoit "tin of oinglr'-lasr' ii tir-r, t s. .c t. 1'! riilar I -'I', jt
J~-I-iI.,-,i. ti,- '''' I lirrtri e r tiitin-tarrii on i 'ISAR AlIti horgh ui hcl a er i ritt crI s., , i ti-
-- Il, sthl Li1,! rita, aind with ini r'xr'is. it cIr~ eix It, -i tI ~ the--s-r I.. o'- 'sI

I- ii -iitli% .tr.....li1r nittonit to sl- tagr-:., .irri r m. 'i t -f -ii it. Ie vsi- li, -ti i

iiittrrr I it tt oi irl1 a t, irru, tlc' r-ults hair' 2l000ti hr I000 -rI ', p, , I VI init, r nt - I b'l
liven ' Itt, siRt i - f- Mr Ltifi1e-lias Ie Ierir tilt, , 110/ JO1Q . t.i-,s tliar " iris,. lieivs'-Iiitgr. ii.I
ra Ir1,tiri , r., i i: .. I i a,,itrr 1- t r hei king -td' is(lin It -lrtrg' rise It I rd~r- -I t' . - i 1- 1r

-ritfput agariist ,,r 1 Led t, rsult I t, co tiny briiric-ils tr. Fr1ll sI ttis-/ I I iriritl L- iIt . O 1iiii .1
,.I Ie ti-t rims , Anii tivitv is turrc-ntly iitideiw y .t! Army vradrfrrr,-:. o crgiuo Is itraI ri-I
at Wrtght-Patteri rXkfB t o i rnifuct a r' tai (r1 sort ir/lit i noit,

nieepr I 'otI tfiece[ irit Ls irltt utr f(,11rom fi.CM runs
wi thI re'sti ts gene rate cr lv TSAR, risring a r rtrfrre5sr-I
versioin of the' sameic f-lu input dfatar that s i I 11),-
used iii ther LCI1M itrirtat runs

Resource types

Bass 1(3)Personel 100 1320)

At P5 2 (319) Eqiriert 100 ff00)
Aircraft 400 Munitions 25 ff001

A ir cre-ns oo TRAP 25 ff001

MPi ,s ions/AC 4 IS) LAth. Sts BOO 13200)

Shefltersn par base

ProceuresTasks & Queuss

On (quipmsent Tasks 750 15000) Ongoning 1000

Paert Repair 750 15000) Parts 250

Dainnae Data 2000 Waitinns 1200

tORUS Cargo 2500 interrupted 400
treeratfheater Cargo 2000 Deferred 4000

Brfripmsent Repairs 100 (50001 Parts Delay f500

COMPUTER DATA

SPACE' insntructions 450 It 1300 - 5001 Bytes

Storaqe $501 K (100-1000-) Byrtes

Total 1000 it (4100 1500.1 Bytes

SPEED: 1000-6000 Sort iesftCP Min

fg. 6--TSAR Dimensions and Storage Requirements
current (max)
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hat Andr 1n- -1-0. f--4. atr i h. at- riiv t tsr ai ll I-i- oh 'V I It ri.. lair-flit- it , r-Iioi. 1i ,-
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attacks on NAi u's ac -seLs, as it I I eituielLy their I..s p -fu mai i i npi,-d -,, I
presumed that they would. The attacks t osisted also shown in Fig. 9, but cot very mu, h [bv
of t hi rd-geierat ion tighter-bombers and medium critical p'obl em is airframes. Ther. .n
.ombers delivering conventional munitions; the discouragingly small numbers of aircraft available
attacks are repeated, at reduced strength, every to respond to the demand for sorties, despite th.
couple of days during the first week. Chemical introduction of substantial numbers of replaement
attacks and attacks with surface-to-surface aircraft.
missiles have not been considered.

Furthermore there has been serious damage to many
The air attacks we examined presumed that the of the backshop facilities that will have to be
enemy would concentrate on the aircraft shelter rebuilt or replaced before reparable spare parts
areas and on the concentrations of maintenance and can be processed in order to sustain even these
support facilities. Our earlier analyses examined limited numbers of sorties. And these problems
runways, as well as the shelter areas, as possible will be further compounded by the heavy losses
enemy targets, and both types of attack would that were sustained on some trials to the stocks
seriously affect aircraft operations; our present of serviceable spare parts, and to munitions and
focus derives in part from the fact that many fuel.
actions are already underway in the Air Force to
counter the threat of runway attacks. What else can be done to improve matters? More

rapid aircraft replacement, more effectively
If lost aircraft are not replaced, and additional protected facilities, larger numbers of personnel,
ABDR personnel are not in place at D-day, the equipment, spares, etc--all of these obviously
sorties that might be expected to be generated in would help. But without a means of assessing the
the face of these hypothetical Warsaw Pact airbase impact that airbase attacks will have on sortie
attacks are shown by the lowest line in Fig. 9. generation, there is limited motivation to
Only about one-third as many sorties are consider such changes to existing plans, and

without those same means there are few credible
300 approaches to assessing how possible changes would

, improve combat capability. But with the
assessments that can be generated with
TSAR/TSARINA simulations we believe that
decisionmakers will be increasingly motivated to
make changes that will improve matters, and that

0 1 they will have a better basis for deciding which
A-nft. mor..d of widely disparate options that are available
, imn .. a should be chosen.

A - 4. CONCLUSIONS

65 m TSAR and TSARINA have been designed to provide a
non variety of potential users with an analytic

L-sDue~ us Noe 9-eds structure within which a rich variety of potentialE.-s ASON-. No e n1n, improvements for theater airbases may be tested in
1 1 1 1 la common context. New passive defenses, new

2 4 5 maintenance doctrine, modified manning levels,
Da. increased stock levels for parts and equipment,

Fig. 9--Reducing Effects of Airbase Attacks: etc., as well as a variety of concepts for
Aircraft Personnel, and Equipment Replacement improved theater-wide resource management--all of

these can be examined with TSAR/TSARINA within a
common context in terms of their ultimate Impact

achieved, as in our referenie case. The irregular on the system's capabilities foi generating
generation profile is in part due to the sorties.
assumption that unscheduled maintenance is
disrupted for six hours after heavy air attack;
only ready aircraft are launched and ongoing
weapon loading and tircraft fueling tasks
completed during this period. The attacks destroy The development of TSAR demanded uninterrupted

or damage over 50 aircraft, as well as substantial concentration over an extended period. My debts
numbers of maintenance specialists, critical to the Air Force and Rand management are obvious;
support equipment, and spare parts. In addition not so obvious are the debts owed a most
many parts repair facilities are damaged. understanding family. Among my colleagues atRand, I would particularly like to acknowledge Lou

If we now presume that replacement aircraft are Wegner and Mike Poindexter for their many
available within two-and-one-half days, and that suggestions regarding various programming
extra battle damage specialists are in place when problems, and Milt Kamins and Major John Halliday
the conflict begins, the force still is unable to for their ideas that have been incorporated into
achieve more than about 50 percent of the sorties the model logic, and for their careful work in
flown in the reference case, as the next to the generating essential data bases. My thanks go
lowest line in Fig. 9 indicates. Some sorties are also t, Feliz Kozaczka for similar contributions
prevented by the unpredictable losses among to TSARINA.

maintenance equipment and personnel; when these
are also replaced within two-and-one-half days of

-a. I.. ............. .. . .. . .........
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